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SUMMARY 

This paper aims at investigating upon the influence on bulk carrier design of the new regulations concerning prevention 
of oil spills from bunker tanks. 
At first a brief review of the incoming amendments to the MARPOL 73/78 regulations will be performed. Within such 
context reference will be made to both the deterministic and the probabilistic approaches. A case study will be therefore 
carried out taking as reference a recently built Panamax size bulk carrier ship: the most appropriate solutions in terms of 
bunker tank arrangement will be sought to ensure the required level of environmental safety to be guaranteed. The 
relative effectiveness of the proposed design solutions will be explored using the probabilistic oil outflow analysis 
technique as implemented in the latest amendments of the incoming MARPOL 73/78 regulations. Starting from the 
analysis of the considered rules and the results of the proposed case study, some suggestions will be given concerning the  
development of guidelines for bunker tank arrangement in bulk carrier ships. 
 
 
 
1. INTRODUCTION 

Since the beginning of the 1990s, due to some significant 
environmentally harmful accidents involving tankers: 
Metula (Chile, 1974), Argo Merchant (USA, 1976), 
Amoco Cadiz (France, 1978), Atlantic Empress (West 
Indies, 1979), Tanio (France, 1980), Castillo de Bellver 
(South Africa, 1983), Exxon Valdez (USA, 1989), ABT 
Summer (Angola, 1991), much effort has been paid 
towards the fight against oil pollution experienced as 
consequence of such events. Particularly, following the 
issue of the Oil Pollution Act of 1990 (OPA’90), there 
has been a considerable reduction of oil spill from 
tankers worldwide as shown in figure 1, where the total 
amount of oil spill per year is reported together with a 
reference to the most important occurrences.  

Figure 1: Quantities of oil spilled from tankers 
worldwide 

The reduction of oil spillage experienced by tankers and 
tank barges has not carried over to other vessels, which 
as consequence in the 1990s have become responsible for 

an increasing percentage of the total oil spillage: recent 
collision and grounding accidents (Enif, 1995; Kure, 
1997; and New Carissa, 1999), occurred in 
environmentally sensitive waters, have raised public and 
industry awareness of the risks of oil spill from bunker 
tanks aboard cargo vessels. Just to get the measure of the 
relative importance of this phenomenon it can be noticed 
that, during the period from 1992 to 1997, freighters 
(commercial cargo vessels such as bulk carriers, 
containerships, ro-ros, and general cargo ships) were 
responsible for about 4% of the total oil spillage in the 
US waters, i.e. almost the same amount of oil spills due 
to tankers (5%). Thus, even though the amount of oil 
spilled from bunker tanks in a single event is potentially 
much less than from a major tanker accident, the 
phenomenon is significant from a global point of view. 
Furthermore the nature of these bunker fuels and their 
consequent impact on the marine environment suggest 
that oil spill from bunker tanks should be treated as a 
major concern to be faced with the goal of reducing the 
environmental impact related to ship service worldwide. 
Statistical data concerning accidents occurred to cargo 
vessels point out that major factors causing oil spill from 
bunker tanks aboard such ships are grounding and 
collision. Therefore the need has been felt for freighters 
to be designed and built with a better protection against 
damage caused by collision and grounding events. 
As consequence of such awareness, the need for 
enhanced regulations related to fuel oil carried on 
commercial freighters has been felt as well. Following 
such need the MEPC (Marine Environment Protection 
Committee) adopted on 24 March 2006, through 
Resolution 141(54), amendments to the revised 
MARPOL 73/78 Annex I [1]. Such amendments, 
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entering into force on 1 August 2007, set out new 
requirements for protectively locating bunker tanks 
within cargo vessels. Within such framework, design of 
cargo freighters can be developed following two different 
approaches: arranging double hull protection around the 
bunker tanks is a first method to mitigate the risk of 
spillage; alternatively, a sufficient degree of protection 
against oil spill can be reached by appropriately choosing 
the location and size of bunker tanks. In fact, location 
and size of such tanks are considered as major factors 
influencing the likelihood and amount of oil spill related 
to possible grounding and collision events. When 
applying the MEPC resolution, the choice becomes 
whether applying the deterministic approach, therefore 
providing vessel bunker tanks with a double hull, or 
pursuing an alternative approach, of a probabilistic 
nature, derived from the IMO procedures for obtaining 
approval of alternative tanker designs to the double hull 
standard: based on the rigorous probabilistic approach for 
computing the oil outflow in accidental groundings and 
collisions of tankers, the new regulations concerning 
cargo vessels are derived from a simplified version of 
such method.  
In this work the probabilistic oil outflow calculation 
method, developed by IMO to assess alternative cargo 
vessel designs, is applied to a recently built Panamax size 
bulk carrier ship. The purpose is to provide viable 
solutions in the arrangement and location of bunker tanks 
aboard the considered ship so as to draw some important 
information on the influence of the MEPC resolution on 
the design of such ship typology. 

2. BUNKER TANK ARRANGEMENT PRACTICES 

Design practice provides standard solutions for bunker 
tank arrangement in different ship typologies. In the 
development of such solutions designers have been led 
by considerations such as maximum cargo volume, 
simplification of fuel oil system, stability criteria and 
structural limits. A brief review of bunker tank 
arrangement for the main types of cargo vessel is 
reported in the following.  
On tankers, the bunker tanks are usually arranged in one 
or two pairs of wing tanks located within the engine 
room. This allows for short piping runs, and avoids 
passing HFO piping through ballast and cargo holds. The 
double-hulled spaces forward of the engine room are 
dedicated only to cargo oil. 
On containerships, typically, the majority of fuel oil is 
allocated to wing tanks outboard of the cargo holds. 
These tanks are distributed longitudinally through the 
midship region, such that bunkering or consuming fuel 
oil does not significantly affect trim or stability. 
Additionally, there will be some bunker oil storage in 
engine room wing tanks. 
Capesize bulk carriers usually carry their fuel oil in 
engine room wing tanks similarly to tankers. For the 
smaller Handysize or Panamax ships, HFO is most 
commonly allocated to centre double bottom tanks. 
Alternatively, bulk carriers may have HFO in the 

outboard double bottom/wing tanks, or arranged in deep 
tanks forward together with engine room tanks.  
The total amount of bunker oil on board is obviously an 
important factor to be considered, reaching as much as 
1000-2000 m3 for smaller ships while exceeding 7500 m3 

for the recent newbuildings of high-powered post-
Panamax containerships. Its subdivision within the tanks 
arranged along the ship body is a even more important 
factor to be taken into account: bunker tanks are typically 
bound by large areas of the shell and have great 
capacities, being therefore particularly exposed to the 
risk of large oil spill events. 
In recent years Classification Societies adopted 
recommendations and guidelines to prevent accidental oil 
outflow assigning particular Class Notations, e.g. the 
CLEAN SEA notation of RINA, to ships complying with 
such recommendations. Making reference to the Italian 
RINA Register, these rules require that all tanks 
exceeding 20m3 have to be located away from ship side 
and bottom shell plating by a distance depending on ship 
dimensions and bunker tank capacity. Such requirements 
have a noticeable impact on standard tank arrangement of 
ships: some of the nowadays adopted solutions as double 
bottom or wing bottom tanks have to be avoided, since 
they are clearly unable to meet the above requirements. 
Some considerations and alternative solutions have been 
reported in a previous work [2]. 
As already said, the MEPC regulations provide two 
alternative design approaches: one requiring a double 
hull for bunker tanks to be set, therefore following the 
approach suggested by the above reported rules. The 
probabilistic approach, on the other hand, will offer the 
designers the possibility to keep some of the commonly 
adopted solutions in the tank arrangement. Particularly, 
by implementing the later approach, it could be possible 
to avoid or limit the adoption of double hull to bunker 
tanks, by moving some of them in safer places within the 
ship body or subdividing their volumes. As consequence 
of these new regulations, new trends in ship bunker tanks 
arrangement are likely to be developed in the next future. 

3. REGULATORY FRAMEWORK 

The MEPC Resolution [1] applies to all ships with an 
aggregate oil fuel capacity of 600 m3 and above which 
are delivered on or after 1 August 2010. 
When applying the regulations all bunker tanks must be 
considered except those having a maximum individual 
capacity not exceeding 30 m3, provided that the 
aggregate capacity of such excluded tanks is not greater 
than 600 m3. Furthermore, no tank shall have a capacity 
exceeding 2,500 m3. 
In alternative to the deterministic approach, the 
application of the MEPC Resolution can be carried out 
by implementing a distribution of bunker tanks so that 
the maximum value of the Mean Oil Outflow Parameter 
(OM) will not be exceeded. The way for estimating the 
OM estimation for a given bunker tank configuration will 
be briefly explained in § 3.2. A detailed description is 
contained in [1].  
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3.1 DETERMINISTIC APPROACH: DOUBLE HULL 
PROTECTION 

Within the proposed regulations a sufficient degree of 
safety with respect to oil spill is considered to be reached 
for cargo ships when a double hull is provided with the 
following conditions: 
• for ships, other than self-elevating drilling units, 

having an aggregate oil fuel capacity of 600 m3 and 
above, bunker tanks shall be located above the 
moulded line of the bottom shell plating nowhere 
less than the distance h as specified below: 
h = B/20 m or h = 2.0 m, whichever is the lesser. 
Anyway the minimum value accepted for h shall not 
be less than 0.76 m. 

• For ships having an aggregate oil fuel capacity of 
600 m3 or more but less than 5,000 m3, bunker tanks 
shall be located inboard of the moulded line of the 
side shell plating nowhere less than the distance w 
which, as shown in figure 2, is measured at any 
cross-section at right angles to the side shell, and is 
given by:  
w = 0.4 + 2.4 C/20,000 m    (1) 

 
Figure 2 – Bunker tank boundary lines  

The minimum value of w is 1.0 m; however for 
individual tanks with an oil fuel capacity of less than 
500 m3, the minimum required value is 0.76 m. 

• For ships having an aggregate oil fuel capacity of 
5,000 m3 and over, bunker tanks shall be located 
inboard of the moulded line of the side shell plating 
nowhere less than the distance w, measured again at 
any cross-section at right angles to the side shell, and 
given by: 
w = 0.5 + C/20,000 m or    (2) 
w = 2.0 m, whichever is the lesser, where C is the 
total oil fuel volume. 
Anyway the minimum value accepted for w shall not 
be less than 1.0 m. 

 
It’s important to notice that these conditions will also 
apply within the probabilistic approach for all those tanks 
which are not bordered by the outer shell plating.  
Although of easy implementation and immediately 
effective in meeting the requirements, setting a double 
hull around the bunker tanks represents of course a less 
flexible approach. 
  

3.2 PROBABILISTIC APPROACH: CALCULATION 
OF MEAN OUTFLOW PARAMETER 

The IMO has adopted interim guidelines that describe the 
procedures for approval of tanker alternative designs to 
the double hull standard [5]. These guidelines employ a 
rigorous probabilistic approach for computing the oil 
outflow in accidental groundings and collisions, and 
provide for the calculation of a “pollution prevention 
index” for comparison with a series of reference double 
hulls. With the IMO guidelines, all possible 
combinations of damaged compartments together with 
their probabilities of occurrence can be determined. The 
evaluation of a tanker design with this methodology is 
therefore a calculation intensive effort. Because of that, 
in the development of the bunker tank outflow analysis 
for cargo vessels a simplified approach has been adopted. 
Within such approach the calculation of the only mean 
oil outflow OM is involved, and only the probability of 
damaging each bunker tank has to be assessed. Thus the 
application of the methodology can readily be carried out 
on a spreadsheet.  
It’s also worth to notice that while tankers are evaluated 
at their full load draft, the bunker spill analysis is carried 
out at a partial load line draught dP, equal to the lightship 
draft plus 60 percent of the difference between the 
lightship draught and the load line draught. 
The methodology for performing the OM calculation is 
summarized in the following. 

3.2.1 OM THRESHOLD VALUES 

The level of protection against oil fuel pollution in the 
event of collision or grounding shall be assessed on the 
basis of the mean oil outflow parameter as follows: 
• OM < 0.0157-1.14E-6·C    (3) 

if 600 m3 ≤ C < 5,000 m3 

• OM < 0.010 if C ≥ 5,000 m3   (4) 
When calculating the mean oil outflow parameter the 
ship shall be assumed loaded to the partial load line 
draught dP without trim or heel; all bunker tanks shall be 
assumed loaded to 98% of their volumetric capacity with 
a permeability of 0.99; the nominal density of the oil fuel 
(ρn) shall generally be taken as 1,000 kg/m3. The latest 
value is assumed with the purpose of increasing the 
outflow due to pressure balance effects in bottom 
damage. 
The mean oil outflow must be calculated independently 
for side damage and for bottom damage and then 
combined into a non-dimensional oil outflow parameter 
OM, as follows: 
OM = (0.4 OMS + 0.6 OMB) / C   (5) 
therefore assigning to the bottom damage a slightly 
greater weight on oil outflow. 

3.2.2 SIDE DAMAGE: OMS CALCULATION 

The mean outflow for side damage OMS, in m3, shall be 
calculated as follows: 
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where: 
i = represents each bunker tank under consideration; 
n = total number of bunker tanks; 
PS(i) = the probability of penetrating bunker tank i from 
side damage. 
OS(i) = the outflow, in m3, from side damage to bunker 
tank i; it is assumed that side damage results in total oil 
outflow, thus OS(i) equals the 98% of the total volume of 
the tank i. 
The product of a tank’s probability of side damage and 
the associated outflow are therefore summed across all 
tanks to obtain the mean outflow. 
The probability PS of breaching a compartment from side 
damage depends on the longitudinal, transversal and 
vertical position of the tank. Great importance is given to 
the transversal extent of the compartment in terms of its 
minimum distance, y, from the outer shell plating. The 
probability PSy that a side damage will entirely lie 
outboard the tank is given in figure 3. It’s possible to 
notice that such probability equals 1 for y/BS ≥ 0.3. 
Therefore no probability of damage and consequently no 
outflow is obtained for those tanks lying inboard of the 
side shell more than 0.3 BS. The longitudinal position of 
the tank has no influence on the oil outflow between 0.15 
L and 0.85 L from stern, where the probability of 
damage, PS, only depends on the longitudinal extension 
of the tank.  
For symmetrical tank arrangement damages are 
considered for one side of the ship only. Consequently, 
given a fuel amount to be located within the ship body, 
it’s worth to split it in two symmetrical side tanks.  
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Figure 3. PSy probability curve.  

3.2.3 BOTTOM DAMAGE: OMB CALCULATION 

For bottom damage, calculations of mean outflow shall 
be done independently for z =0 m and z = -2.5 m tide 
conditions, and then combined as follows: 
OMB = 0.7 OMB(0) + 0.3 OMB(2.5)   (7) 

where: 
OMB(0) = mean outflow for 0 m tide condition, and 

OMB(2.5) = mean outflow for minus 2.5 m tide 
condition, in m3. 

The mean outflow for bottom damage OMB, in m3, shall 
be calculated, for each tidal condition z, as follows: 

( ) ∑=
n

iDBiBiBzMB COPO
1

)()()(    (8) 

where: 
i = represents each bunker tank under consideration; 
n = total number of bunker tanks; 
PB(i) = the probability of penetrating bunker tank i from 
bottom damage;  
CDB(i) = factor to account for oil capture: in the case of 
bottom damage, a portion of the outflow from a bunker 
tank may be captured by non-oil compartments. This 
effect is taken into account by the CDB(i) factor, which 
shall be taken equal to 0.6 for bunker tanks bounded 
from below by non-oil compartments and equal to 1 
otherwise (no capture effect). 
OB(i) = the outflow from bunker tank i, in m3, to be 
calculated as function of the tidal condition z. In fact 
bottom damage does not implies a total oil tank outflow 
as in the side damage. The oil outflow OB(i) for each 
bunker tank must be calculated making reference to 
pressure balance principle, assuming the ship stranded 
with zero trim and heel at the partial load line draught dP. 
Particularly, the oil fuel level in the tank after damage 
will depend on the height of the tank above the baseline, 
in such a way that low positioning of tanks will 
noticeably reduce the outflow due to hydrostatic pressure 
balance effects.  
Nevertheless, since tanks located adjacent to the bottom 
shell plating are still considered as particularly 
vulnerable to bottom damage, it’s also provided, for such 
tanks, that a minimum amount of oil outflow must be 
considered. Such amount is given as function of the 
maximum horizontal projected area of the tank and the 
distance of the tank from the side shell, in the way that a 
minimum in oil outflow is obtained for tanks inboard of 
B/5. 
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Figure 4. PBz probability curve 

As for side damage, the probability PB of breaching a 
compartment from bottom damage depends on the 
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longitudinal, transversal and vertical position of the tank. 
Great importance is given here to the minimum distance 
of the compartment, z, from the bottom shell plating. The 
probability, PBz, that a bottom damage will entirely lie 
below the tank is given in figure 4. It is noticed that such 
probability equals 1 (i.e. no oil outflow from bottom 
damage) when the lowest point of the tanks lies above 
0.3DS, being DS the ship moulded depth.  
The longitudinal position of the tank also has, for bottom 
damage, a noticeable influence on the oil outflow. 
Particularly, the more forward the tank position is, the 
greater the probability of breaching the tank in a 
grounding scenario will be. The effect of the tank 
longitudinal position on oil outflow will be highlighted 
by a numerical application carried out on a 300 m3 D.B. 
tank as reported in the following case study. 

4. CASE STUDY 

A recently built Panamax size bulk carrier has been 
considered in order to evaluate the impact of the new 
regulations on bunker tank arrangement. Several 
solutions have been examined and the most suitable of 
them are reported here. Particular attention has been paid 
to those ones verifying the required oil outflow 
performance without reducing the cargo hold volumes 
and the vessel features regarding stability, longitudinal 
strength. 
The main dimensions of the reference vessel are shown 
in table 1. 

Length between perpendiculars LBP 217.00 m 
Length (reference) L 219.10 m 
Breadth (moulded) B 32.26 m 
Depth (moulded) DS 19.60 m 
Load line draught dS 14.25 m 
Light ship draught dL 2.36 m 
Total volume of bunker tanks @ 
98% filling 

C 2741.8 m3 

Table 1. Main dimensions of reference vessel 

The reference vessel shows a typical bunker tank 
arrangement (see fig. 8). The main bunker tanks (No. 1, 2 
and 3) having a total capacity of 71.7% of C, are located 
in the double bottom. The remaining tanks including 
diesel oil, service, and settling tanks are arranged in the 
engine room; the biggest ones, about 240 m3 each, are 
located on the port and starboard side of the ship. 
Applying the deterministic method for the protection of 
bunker tanks, the double hull requires the following 
minimum distances from the outer shell: h = 1.613 m 
(bottom) and w = 1.000 m (side), considering a value of 
0.76m for tanks having a volume less than 500 m3. 
When applying the alternative method, the value of the 
mean oil outflow parameter has to be less than 0.0126 
(OM limit value for the considered ship). 
Dimensions of the largest tanks are reported in table 2, 
where coordinates X, Y, Z, represent the non 
dimensional border limits of the tank. 
The OM value for this fuel tank arrangement is 0.0241, 
almost twice as much as the allowed limit. Thus, a 

detailed analysis of the single contributions of each tank 
to the OM has been carried out. 
Table 3 shows the results in terms of mean oil outflow 
value for each tank, both for side and bottom damage; the 
OM total values are given as well. In the OM assessment 
the starboard side is considered, leading to the greatest 
oil outflow: indeed a greater contribution to the side 
damage is given by tank No. 4S with respect to the sum 
of contributions given by tanks No. 4P and D.O. (P). 

Tank %C Xa/L Xf/L Zl/DS Zu/DS Yinb/B Yout/B
No.1C 42.9 0.37 0.60 0.00 0.08 -- 0.21 
No.2C 21.4 0.25 0.37 0.00 0.08 -- 0.21 
No.3C 7.4 0.13 0.25 0.00 0.08 -- 0.10 
No.4P 8.4 0.10 0.13 0.57 1.00 0.31 hull 
No.4S 10.7 0.09 0.13 0.57 1.00 0.31 hull 

Table 2. Main tanks capacity and location 

Tank OMS OMB OM %Tot. OM 
No. 1C 0.171 70.969 0.0156 64.5 
No. 2C 0.052 15.815 0.0035 14.4 
No. 3C 0.000 2.896 0.0006 2.6 
No. 4S 26.039 0.000 0.0038 15.8 
Other tanks 3.890 0.345 0.0006 2.7 

Table 3. Mean oil outflow parameters for the initial tank 
arrangement  

The above reported data show that the oil outflow 
obviously increases with the volume of tanks; it is also 
interesting to notice a little influence of double bottom 
tanks on oil outflow for side damage due to their 
considerable distance from the outer side shell plating. 
It’s interesting to notice that the oil outflow due to 
bottom damage comes out from the minimum threshold 
value provided by the regulations, since the low position 
of bottom tanks No. 1, 2, and 3, reduces to zero the 
outflow due to hydrostatic pressure balance.  
For side damage the greatest contribution is due to tank 
No. 4S, which conversely gives no contribution to the oil 
outflow from bottom damage being the tank located 30% 
DS above baseline. 
In order to find solutions able to meet the required OM 
limit, two design solutions are practicable: moving part 
of bunker oil in spaces where a less oil outflow can be 
reached, or subdividing the bunker tanks in smaller 
volumes to reduce the amount of oil outflow after 
damage. The effectiveness of such solutions will be 
explored in the following. 

4.1. TOP SIDE TANK SOLUTION 

The first solution is obtained moving the fuel oil from 
double bottom to water ballast top side tanks. 
Particularly, having the longitudinal tank position within 
the cargo area no influence on the mean outflow for side 
damage, the ballast top side tanks adjacent to the engine 
room (tanks No. 4 P & S) have been selected for the fuel 
oil shift. This allows optimisation of the outfitting 
leading to short piping runs. 
In order to meet the OM limit, it is necessary, on each 
side, splitting longitudinally the volume in two tanks 
(Top side tank Aft e Forward No. 4  in fig. 9) and realise 
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a double hull with a longitudinal bulkhead at a 0.76 m 
distance from side shell. 
The non-dimensional oil outflow parameter OM for this 
arrangement is 0.0124, satisfying the requirement. 
The details of oil outflow parameters for each tank are 
shown in table 4. 

Tank OMS OMB OM %Tot. OM 
T.S.T. No. 4S 
AFT 

27.433 0.000 0.0040 32.2 

T.S.T. No. 4S 
FWD 

27.433 0.000 0.0040 32.2 

No. 4S 26.039 0.000 0.0038 30.5 
Other tanks 3.890 0.345 0.0006 5.2 

Table 4. Oil outflow parameters 

It is worth to notice that, even though tank No. 4S has a 
smaller volume than each top side tank, it gets a similar 
OM value, due to lack of double hull. Moreover, the 
contribution of the bottom damage is negligible being the 
lowest limit of top side tanks far above the 30% DS from 
baseline. 
The longitudinal strength limits and stability criteria are 
also met in the most critical loading conditions (light 
ballast) by using double bottom tanks for water ballast; 
furthermore the most critical heel condition due to the 
complete emptying of one top side tank, can be easily 
balanced through ballast operations. 
It is important to underline some disadvantages related to 
this solution. The direct heat transmission from the top 
side tanks to the cargo by the heating coils located next 
to the bottom of these tanks could cause damages to 
temperature sensitive cargoes like grain and cereals. A 
moderate risk of polluting the same cargo typologies 
must be considered as a consequence of tank cracks 
caused by hit of grabs during cargo operations. 

4.2. INFLUENCE OF FUEL TANKS SUBDIVISION  

The MEPC requirements can also be met by a 
progressive subdivision of the original tank volume, so 
avoiding major changes to be made to the initial tank 
arrangement. Nevertheless this procedure bears the 
disadvantage of increasing structural weight and outfit 
components (pipes, connections, valves etc.). Outcomes 
from tank subdivision in terms of OM reduction are 
reported in the following. 

4.2.1. DOUBLE BOTTOM TANKS 

The effects on bottom damage of longitudinal and 
transverse subdivisions of the fuel tanks No. 1 & 2 has 
been investigated. Such tanks have an initial capacity of 
1200 m3 and 600 m3 respectively (at 100% filling), while 
their total OMB is 86.784. 
The reduction of total OMB due to longitudinal 
subdivisions has been investigated, progressively 
splitting the original volume in three tanks of 600 m3 
each (21.4% of C), in six tanks with a volume of 300 m3 
(10.8% of C) and in twelve tanks of 150 m3 (5.4% of C), 
which has been considered as the practical smallest tank 
volume. In figure 5, the total OMB as percentage of its 
initial value is plotted, for each subdivision, versus the 

single tank volume. The reported diagram shows that a 
reduction of 20% of OMB may be obtained by a single 
subdivision of tank No. 1, while further subdivisions 
have a decreasing effect on OMB (by a 12 tanks 
subdivision, an overall OMB reduction of about 40% is 
reached). 
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Figure 5. The effect of longitudinal subdivision of D.B. 
tanks No. 1 & 2 on OMB  

The evaluation of the total OMB given by the tank 
longitudinal subdivision shows that forward positions of 
bottom tanks lead to greater contributions to the total oil 
outflow. Therefore the influence of  the tank longitudinal 
position has been investigated over the whole ship body 
considering a 300 m3 tank and moving it forward along 
the cargo area. The results are shown in figure 6, where 
the abscissa is the aft tank boundary position as a 
percentage of L, and the ordinate is the increase of OMB 
expressed as percentage of the value relative to the 
aftermost tank position. From the analysis of the diagram 
it’s possible to observe a noticeable increase of OMB 
mainly due to a greater probability of forward tanks to be 
involved in grounding events. Based on such results, the 
need arises to find alternative arrangements particularly 
for the most forward bottom tanks, i.e. D.B. No.1. 
A longitudinal subdivision of tank No.1 has been 
therefore compared with a transversal and a mixed 
subdivision with the aim to explore possible alternative 
arrangements leading to less OMB values.  
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Figure 6. Influence of OMB due to the longitudinal 
position of a 300m3 D.B. tank 

A very little difference in such values has been found 
subdividing transversally or longitudinally the No. 1 tank 
in two 600 m3 tanks. A slight OMB reduction has been 
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reached subdividing the tank in four tanks of 300 m3 with 
three equally spaced longitudinal or transversal 
bulkheads, and a mixed subdivision with a longitudinal 
and a transversal middle bulkhead. The results are 
reported in table 5 showing that no considerable 
differences are reached among OMB values. The choice of 
the most suitable solution will be therefore made based 
upon practical considerations. 

Subdivision OMB 
with transversal bulkheads 42.305 
with longitudinal bulkheads 41.642 
Mixed 37.635 

Table 5. Comparison of oil outflow parameters for 
different No. 1 tank subdivisions 

4.2.2. SIDE TANKS 

The effect of subdivision of side tanks has been 
evaluated on fuel oil tank No. 4S: a longitudinal oil-tight 
bulkhead has been set 1.0 m inboard the outer side shell 
plating. Considering both the resulting tanks filled with 
fuel, the outer one has a volume of 90 m3 (30% of initial 
tank volume) and OMS = 7.832, while the inner one has a 
slightly smaller mean oil outflow: OMS = 7.612. The sum 
of both the OMS equals 15.444, i.e. the 59.3% of the 
initial tank OMS value. A noticeable OMS reduction 
through side tank subdivision is therefore experienced. 

4.3. COMBINED SOLUTION 

Results obtained from the evaluation of several tank 
arrangements realized on the basis of the above 
considerations allow to conclude that an appropriate 
compromise between tank subdivision and fuel tank 
shifting is necessary to find design solutions alternative 
to the “top side tank” discussed in § 4.1. A practicable 
alternative arrangement of bunker tanks is shown in 
figure 10. 
A subdivision of fuel oil tanks No. 1 & 2 in tanks of 300 
m3 has been carried out. Side tanks No.4 P & S have 
been subdivided through a longitudinal oil-tight bulkhead 
set at 0.76 m inboard the outer side shell plating; only the 
inner volume has been filled with fuel. 
The outer volume of No. 4 P & S tanks and the volume 
of the most forward D.B. tank (total volume of 420 m3), 
have been stored in two new tanks in the steering gear 
room between the fresh water tanks, in such a way that 
both the accessibility and functionality of the spaces are 
preserved. Figure 7 shows both the initial steering gear 
room layout together with its new arrangement after the 
bunker tank setting. These new tanks, named No. 5 P & 
S, have the characteristics reported in table 6.  

Tank %C Xa/L Xf/L Zl/DS Zu/DS Yinb/B Yout/B
No5P 7.5 0.00 0.04 0.79 1.00 0 0.26 
No5S 7.5 0.00 0.04 0.79 1.00 0 0.26 

Table 6. New fuel oil tanks in the steering room 
Tank D.O.(P) has not been split, so in this case the 
greater side oil outflow has been realized by the portside 
damage case. The non-dimensional oil outflow parameter 
OM of this arrangement is 0.0122, therefore satisfying the 
requirements. 

3.1 m2.0 m

F.W.T. F.O. No. 5

CL
F.W.T.

STEERING

CL

GEAR ROOM

 
Figure 7. Bunker tank arrangement in the steering gear 
room  

In table 7 the oil outflow parameters for the considered 
tank arrangement are reported, showing a very low 
contribution on oil outflow of the new tanks due to their 
location (inboard the side shell plating and far above the 
base line). 

Tank OMS OMB OM %Tot. 
OM 

No. 1C (3x300m3) 0.053 28.714 0.0063 51.4 
No. 2C (2 x300m3) 0.035 12.998 0.0028 23.3 
No. 3C 0.000 2.896 0.0006 5.2 
No. 4P (inboard) 7.423 0.000 0.0011 8.8 
No. D.O.(P) 5.234 0.000 0.0008 6.2 
No. 5P 0.355 0.000 0.0001 0.4 
Other tanks 3.386 0.345 0.0006 4.7 

Table 7. Oil outflow parameters 

This tank arrangement involves a steel weight increase 
due to new structural subdivisions and relative to tank 
outfit to be set. Nevertheless the proposed solution is 
quite similar to the original general arrangement, 
therefore having a negligible influence on longitudinal 
strength limits and stability criteria. 

4.4. OVERVIEW OF OTHER ARRANGEMENTS 

Bottom wing tanks to be used for fuel oil storing have 
been considered in the search for alternative solutions to 
tank arrangement. Nevertheless such tanks are located in 
a critical position, being exposed to both side and bottom 
damage. Therefore no solution could be found for the 
considered ship. Reductions of the OM can be obtained 
through a side and/or bottom hollow space, although 
such choices will generally lead to noticeable reductions 
of the tank volume.  
Triple bottom solution may involve unacceptable 
reductions of the cargo volume: being for the considered 
ship the minimum required distance (h = 1.613 m) very 
close to the double bottom height, triple bottom would 
involve moving the tanks above the inner bottom. 
Nevertheless just by lifting the tank No. 1, the relative 
OMB becomes 11.091, i.e. only 15.6% of the original 
arrangement. This is also due to the OMB reduction 
provided by the rules as spaces without fuel oil are 
positioned below the tank. Therefore in order to take 
advantage from such considerable OMB reduction, this 
solution should be realized taking into account the need 
of minimizing the reduction of hold’s volume. 
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Similarly a deep tank solution leads to a cargo hold 
volume reduction. Such solution may be therefore 
considered mainly for new buildings when approaching 
the general plan layout. In this case, the arrangement of 
the deep tank inside the engine room is suggested. 

5. CONCLUSIONS 

In this paper, a short review of Resolution 141(54) of the 
MEPC (Marine Environment Protection Committee) has 
been carried out, in order to analyse the impact upon the 
design of the bunker oil location on cargo ships. 
In fact, incoming rules regarding sea pollution set out 
requirements aiming at limiting the outflow of fuel and 
diesel oil, according to two different approaches. The 
first one requires a double hull of assigned minimum 
dimensions for all bunker tanks to be set. The second one 
is based on a probabilistic method and allows a greater 
design flexibility although requiring a greater 
computational effort. By adopting this latest approach, 
interesting solutions can be obtained in the bunker tanks 
arrangement, minimising the impact of the above rules 
on existing ships so as providing viable solutions in the 
development of new design proposals. Within such 
context some guidelines on the optimisation of bunker 
tank arrangement can be drawn. Particularly, making 
reference to the bottom damage, a noticeable reduction of 
oil outflow can be reached when tanks are located aft of 
the vessel so as inboard of B/5; low positioning of tanks 
also reduces the outflow due to hydrostatic pressure 
balance.      
Furthermore, no oil outflow is reached when tanks are 
fully located above 30% DS. A zero oil outflow condition 
is also obtained for side damage as tanks are located 
inboard of 0.3 B from the outer shell.  
Further considerations can be done starting from the 
results of the proposed bulk carrier ship case study. 

Particularly, traditional arrangement of bunker oil in 
double bottom tanks can be adopted provided that a 
sufficient degree of tank subdivision is guaranteed. 
Moving bunker oil to top side tanks represents a 
straightforward and effective solution, although a double 
hull protection had to be provided for the considered 
ship. Alternative solutions like triple bottom or deep 
tanks may have a greater impact on the ship design, 
therefore their adoption will have to be discussed case by 
case. 
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Figure 8. Original bunker tank arrangement 
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Figure 9. Top side tank solution 
 
 

CL

F.O. No.3 F.O. No.2 F.O. No.1

D.O. (P)

F.O. No. 4 (S) 

F.O. No. 4 (P) 

CL

3x300m32x300m3

D.O. (S)

F.W.T. (P)

F.W.T. (S)

F.O. No. 5 (S) 

F.O. No. 5 (P) 

 
Figure 10. Combined tank arrangement solution 
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